The linkage between agriculture and nutrition is complex and often debated in the policy discourse in India. The enigma of fastest growing economy and yet the largest home of under-and mal-nourished population takes away the sheen from the glory of economic achievements of India. In this context, the study has examined the food consumption patterns, assessed the relationship between agricultural production and dietary diversity, and analysed the impact of dietary diversity on nutritional intake. The study is based on a household level panel data from 12 villages of Bihar, Jharkhand and Odisha in eastern India. The study has shown that agricultural production diversity is a major determinant of dietary diversity which in turn has a strong effect on calorie and protein intake. The study has suggested that efforts to promote agricultural diversification will be helpful to enhance food and nutrition security in the country. Agricultural programmes and policies oriented towards reducing under-nutrition should promote diversity in agricultural production rather than emphasizing on increasing production through focusing on selected staple crops as has been observed in several states of India. The huge fertilizer subsidies and government procurement schemes limited to a few crops provide little incentives for farmers to diversity their production portfolio.
Introduction
Agriculture continues to be an important source of livelihood for the majority of rural population in developing countries like India. Agriculture can influence nutrition through many pathways, which include increased food intake from own production, increased incomes from diversification towards highvalue crops (HVCs), livestock rearing and reduced real food prices (World Bank, 2007; Gillespie and Kadiyala, 2012; Viswanathan et al., 2015; Slavchevska, 2015) .
However, the evidence on the link between agriculture and nutrition has been vague. The incidence of undernutrition is severe and wide spread among the farming households. This evidence is more explicit when the households or regions with agricultural predominance are compared with non-agricultural regions (Dahiya and Viswanathan, 2015) . The countries and regions that experienced faster economic growth caused by structural transformation from farm to non-farm activities with a corresponding shift in the pattern of employment, have been able to reduce undernutrition at a much faster rate. The studies also show that sustained agricultural growth reduced poverty and * Author for correspondence 16 
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India is facing a paradoxical situation. It is witnessing one of the highest economic growths with a much slower decline in undernutrition. Despite importance and potential of agriculture in improving nutrition of the farming households, the existing understanding about linkages between agriculture and nutrition is extremely weak in India. In the rural India (particularly in less-developed regions), food intake is closely tied to on-farm agricultural production. But, the paucity of unit-level data that combine information on both nutrition and agriculture constraints the meaningful analysis at the national level. Nevertheless, the greater emphasis being laid on the evidence-based policy making, empirical understanding of the linkages between agriculture and nutrition becomes crucial (Malhotra, 2014) . This study is a contribution in this direction and focuses on the selected rural pockets of eastern India. It attempts to connect agricultural production diversity to dietary diversity at the household level and then links dietary diversity to calorie-and protein-intake. More specifically, the current study examines the food consumption patterns, agricultural production and dietary diversity based on the household level panel data from 12 villages with a view to exploring the heterogeneity in food habits, and assessing the relationship between quality of food intake and agricultural production portfolio. The impact of dietary diversity on nutritional intake has also been examined.
Data and Methodology Data
This study has used the panel data for 2010-11 to 2014-15, which is a part of the high-frequency panel data collected through the Village Level Studies (VLS) 1 of the International Crops Research Institute for the Semi-Arid Tropics (ICRISAT). These data are comprehensive records on household, individual, and plot levels collected from the selected villages on a continuous basis for five years. During data collection, the resident investigators interviewed the participating households several times year after year so as to capture the dynamics of households characteristics, including expenditure, income, consumption, investment and farming practices. In the present context, the data pertained to 12 villages in eastern India (Arap and Bhagakole villages in Patna district; Susari and Inai villages in Darbhanga district; Dubaliya and Hesapiri villages in Ranchi district; Dumariya and Durgapur villages in Dumka district of Jharkhand state; Sogar and Chandrasekhapur villages in Dhenkanal district; and Ainlatunga and Bilaikani villages in Bolangir district of Odisha state). The socio-economic and demographic characteristics of the households in these villages are depicted in Appendix I. From each village, 40 households were selected (480 households from 12 villages) and were monitored on a sustained basis. The selected households were categorized into various farm-size classes based on the size of land they possessed. First, all the households in a village possessing land area less than or equal to 0.2 ha were classified as 'labour' households. All the remaining households were categorized into tercile groups, each containing a third of the population. The sample households thus selected represented the village population. In this analysis, we have classified the households into the following categories: labour (<0.2 ha), marginal (<1 ha), small (1-2 ha), medium (2-4 ha) and large (>4 ha).
Methodology
The paper has specifically examined the food consumption pattern, agricultural production diversity, dietary diversity, the relationship between agricultural production diversity and dietary diversity, and the impact of dietary diversity on nutritional intake of the sample households in the selected villages using the VLS data collected during the agricultural years 2010-
1
The VLS are longitudinal surveys initiated by ICRISAT in 1975 in 10 Indian villages. The surveys continued for the next 10 years, before formally closing in 1985 in response to budgetary pressure. The surveys were re-opened in 2002 in the initial six villages, starting with low frequency rounds and with higher frequency interviews since 2005-06. Subsequently in 2010, the coverage was enhanced by including 12 villages in the eastern India with funding from the Bill and Melinda Gates Foundation. The study in eastern India was conducted in partnership with the Indian Council of Agricultural Research. The VLS data however cannot be treated as representative data for districts, states or the agro-climatic region within which the villages are located due to the relatively small sample coverage.
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11 to -15 (July, 2010 to June, 2015 . The information on area allocated to different crops, allied activities undertaken and production realized was recorded by the resident investigators from the sample household on a regular basis. The quantity of food commodities consumed by the respondent households was recorded based on a 30-day recall period 2 . The recall was administered to the heads of households at monthly intervals during the above period.
The questionnaires used for the survey were quite exhaustive and covered almost all types of food commodities generally consumed by the rural inhabitants in India. They not only included foods prepared and consumed within the household, but also those that were consumed outside (e.g. at restaurants, social functions and children's mid-day meal programmes) including processed food commodities, beverages and intoxicants. Various aspects related to food intake such as shares of various food commodities in total expenditure, per-capita intake and share of home-produced items in total consumption of each food group and the contribution of the Public Distribution System 3 (PDS) to household supply of cereals were probed. Further, diversity in the consumption basket of sample households was estimated using the Simpson Index of Dietary Diversity (SIDD) given in Equation (1):
where, P i is the proportion of the i th food item in total monthly consumption of all food commodities by the members of household. The monthly estimates were subsequently averaged to get the final SIDD estimate for the year under consideration. The Simpson index ranges between 0 and 1, where the value moves towards 0 in case of complete specialization. Separate scores of SIDD were obtained for households belonging to each village.
Similarly, the agriculture production diversity (AgPD) index was estimated by Equation (2): …. (2) where, P i is the share of cultivated area of the i th crop in the total cultivated area. The larger the values of this index, the larger is the diversity in crop production.
The paper has examined the hypothesis that agricultural production diversity influences the household dietary diversity and dietary diversity in turn influences the nutritional intake. We estimated the following three multiple panel regressions for examining these relationships:
In Equations (3), (4) and (5), SIDD it (ranging from 0 to 1) denotes the dependent variable representing dietary score of the households, CI it denotes the dependent variable representing calorie intake, and PI it denotes the dependent variable representing protein intake of the households. Among the set of explanatory variables, AgPD it in Equation (3) represents the agricultural production index (ranging from 0 to 1) of the household. E i is a vector of explanatory variables on socio-economic and demographic characteristics of the household such as age, education of householdhead, gender, household size, caste affiliation, food habits (vegetarian or non-vegetarian), per-capita total expenditure, household assets value, access to PDS, share of home-produced food, non-farm sources of income, farm-size, milk producing households, market distance from home, dependency ratio, and share of food consumption. The 'u i ' is the error-term and is assumed to be normally distributed. All the variables, except agricultural production diversity index, dietary diversity index and dummies, were converted to log before estimating the model. The policy makers in the country are more interested to have information on factors affecting the 2 A recall period of 30 days is generally considered too long, particularly for studies related to dietary diversity. However, under VLS programme, the sample households were sensitized to keep a record of their day-today consumption on a regular basis with help of their female members. Unless migrated, these households remained in the VLS records as regular data suppliers as long as the programme continued in the region. The resident nature of investigators also helped in checking discrepancies in the data, so minimizing sampling bias. prevalence of deficiency in nutritional intake. We, therefore, estimated two binary panel logistic regressions to know the variables that affect the probability of being deficient in calorie and protein intake. Specifically, the multivariate logistic regression is given by Equation (6): (6) where, p represents the probability of a household being deficient in calorie and protein intake and β s are the regression coefficients estimated by the maximum likelihood method. The X s represent the explanatory variables and include several socio-economic and demographic characteristics of the farm households as mentioned above.
Results and Discussion

Food Consumption and Expenditure Patterns
The expenditure patterns of the sample households across farm-size groups are presented in Table 1 . Significant variations were observed in the level of expenditure made by the sample households across different states as well as farm-size class. In Bihar, the average monthly per-capita consumption expenditure for sample households was ` 713 which was lower than that of Odisha (` 1022) and substantially higher than that of Jharkhand (` 417). Though the expenditure pattern of sample households did not entirely match their farm-size, the general trend revealed a positive association between expenditure and farm-size. The large farm households invariably spent substantially higher amounts on their consumption as compared to other households.
The share of food expenditure in total expenditure was above 50 per cent in Bihar (50.6%) and Odisha (57.3%) but little less in Jharkhand (47.4%). With a few exceptions, the share of food expenditure in total consumption expenditure depicted an inverse relationship with farm-size. Table 2 shows the average consumption of various food commodities among the sample households in the selected states of eastern India. Cereals were the main source of dietary nutrients across all the categories of sample households, with rice and wheat being the main staples. The average cereals consumption by sample households did not reveal any significant variation across states. The average per-capita cereal consumption varied from 13.08 kg/month in Odisha to 14.20 kg/month in Jharkhand. The average cereal consumption for the sample households in these states was higher than the all-India rural average of 11.22 kg/capita/month for the year 2011-12 (Parappurathu et al., 2015) . The average per-capita consumption of pulses was found to be 0.68 kg/month with 0.88 kg/ month in Odisha and 0.48 kg/month in Jharkhand. The rural national average of pulse consumption in 2011-12 was 0.78 kg/capita/month (Parappurathu et al., 2015) . The level of consumption of pulses among The per-capita consumption of edible oil in the sample households in eastern India was 0.52 kg/month against the national rural average per-capita consumption of 0.67 kg/month (Parappurathu et al., 2015) . The edible oil consumption varied from 0.48 kg/month in Jharkhand to 0.55 kg in Odisha. The vegetable consumption was robust among the selected sample households in eastern India with an average of 7.22 kg/capita/month, which varied from 6.61 kg/capita/ month in Jharkhand to 7.75 kg/capita/month in Bihar.
The villages of Bihar are far ahead of their counterparts from Jharkhand and Odisha in terms of milk consumption. The per-capita monthly consumption of milk in Bihar was 6.95 kg which was more than 6-times of that in Odisha (1.31 kg) and Jharkhand (1.05 kg). The average consumption of nonvegetarian food depicted a picture contrast of milk consumption pattern. The average level of nonvegetarian food consumption in Jharkhand (0.29 kg/ capita/month) and Odisha (0.64 kg/capita/month) was substantially higher than their counterparts in Bihar. The food consumption pattern revealed the dominant dependence of household members on cereals and vegetables (and milk in Bihar) for meeting their energy and nutrient requirements. Evidently, the consumption of fruits, milk (with the exception of Bihar) and nonvegetarian food commodities was much lower in eastern India than all-India average. The variations in consumption pattern may be attributed to the nature of work, caste and religious affiliations (Parappurathu et al., 2015) .
Status of Self-sufficiency and Contribution of PDS in Food Consumption
The level of self-sufficiency of sample households in food commodities consumed by them is presented in Table 3 . In general, the sample households in eastern India showed a sufficiency level from as low as 6.7 per cent in non-vegetarian food to 65.4 per cent in milk, though with variations across states. The sample households of Bihar were relatively more self-sufficient in most of the food commodities they consumed, except the non-vegetarian foods. The share of home-produced food in cereals consumption in Bihar was above 70.7 per cent -much higher than in Jharkhand (44.7%) and Odisha (42%). In the case of pulses, 34.8 per cent of pulse consumption in Bihar was contributed by home production, while the share of home-produced pulses in Jharkhand and Odisha was only 14.2 per cent and 15.8 per cent, respectively. Except non-vegetarian food commodities, similar patterns are discernible for most of the food commodities in eastern India. Table 4 shows the share of cereals purchased from PDS in total cereals consumed by sample households in eastern India. In the sample households, the food requirement beyond that produced at home was obtained from either the open market or the Public Distribution System (PDS). The PDS contributed about 34 per cent of the cereals consumption in Odisha, followed by Jharkhand (25.3%) and Bihar (8.1%).
Inter-state disparities in PDS dependence can be attributed to a number of factors such as difference in performance of PDS delivery services in the states, socio-economic profile of households and food habits (Parappurathu et al., 2015; Kumar et al., 2016) . The dependence of household on cereals consumption showed a negative relationship with the farm-size. This may be attributed to the fact that large-size farm households are able to produce large quantity of foodgrains and thus their dependence on other sources would be less. Further, it also indicates the inclusive focus of social safety net programmes like PDS.
Dietary Diversity
The dietary diversity is a good indicator for assessing nutritional adequacy (Jones et al., 2014) . The dietary diversity of foods is positively associated with energy and nutrients intake (Kant, 2004; Rose et al., 2002; Tarini et al., 1999) . It is also found to be positively correlated with the three pillars of food security, viz. availability, access and utilization (Bernal and Lorenzana, 2003; Styen et al., 2006; Hillbrunner and Egan, 2008) . Therefore, estimating household dietary diversity can be an alternative and easier pathway to understand household-level food and nutrition security (Taruvinga et al., 2013; ThorneLyman et al., 2010; Headey and Ecker, 2013 ). An estimate of dietary diversity score is presented in Table  5 . The dietary diversity varied from 0.65 in Jharkhand to 0.78 in Bihar with an average of 0.72 for the sample households of eastern India. There is not much variation in dietary scores among different categories of farm sizes and it did not reveal any consistent pattern with farm-size. Surprisingly, the labour households had the highest dietary diversity scores in all the three states as compared to the farming households. This could be attributed to the labour households' dependence on markets and other sources for food consumption and therefore, more liberty to choose from wider choices.
Production Diversity
The average level of agricultural diversification was found to be low among sample households in eastern India. The level of crop diversification was relatively higher in Bihar (0.56) than in Jharkhand (0.21) and Odisha (0.27). Further, the level of crop diversification has not depicted any explicit relationship with farm-size. It seems the choice of crop cultivation was dictated more by the agro-climatic conditions of the regions rather than by individual choices or resource endowments of the farm households.
Patterns of Calorie and Protein Intake
The dietary profile of sample households in terms of their calorie and protein intake is presented in Tables  7 and 8 , respectively. This shows that intake of calorie and protein varied significantly across different farmsizes of households. On an average, this shows a positive relationship with farm-size. However, the relationship between farm-size and nutritional intake does not show any pattern in Jharkhand and Odisha. Though, the calorie intake does not exhibit substantial variation across states, it is relatively higher in Bihar.
The average level of protein intake among sample households was 61 g/capita/day; which is comparable with the national rural average of 60.7 g/capita/day (GoI, 2014) . A similar picture emerges from the protein consumption pattern (Table 8 ). The average level of nutrition consumption masks the severity and magnitude of under-and mal-nutrition among farming households in these states. A careful perusal of the incidence of calorie and protein deficiencies indicates that 63.2 per cent of the farming population under study is deficit in calorie intake and 70.6 per cent is deficit in protein intake.
Determinants of Dietary Diversity: Role of Agricultural Production Diversity
The results on relationship between household dietary diversity and household production diversity are presented in Table 9 . A perusal of Table 9 reveals that household dietary diversity is positively and significantly associated with the production diversity. It is expected in a context where markets have not yet been able to function efficiently and the majority of households rely on own production to satisfy their basic food needs . The household-size Source: Authors' calculations based on VDSA survey, 2010-11 to has been found to have a positive and significant effect on household dietary diversity. Due to economies of scale, a larger household is expected to consume a more varied diet (Lee, 1989; Das, 2014) . The households having older heads have depicted a lower dietary diversity as revealed from the negative and significant coefficient associated with this variable. However, the education of household-head has been observed to have significant and positive effect. Educated people are more concerned about nutritionally balanced diet and positive relationship between dietary diversity and education has been observed in some earlier studies also (Moon et al., 2002; Variyam et al., 1998; Parappurathu et al., 2015) .
The levels of annual per-capita expenditure and of food expenditure by the households have shown a strong influence on the level of dietary diversity. However, the share of food expenditure in total consumption expenditure has not shown any effect on dietary diversity. The access to PDS turned out to be a major determinant of dietary diversity. The access to subsidized food through PDS saves households' budgetary resources for food and thus enables the households to purchase additional food commodities from the market. The milk-producing households have shown a higher dietary diversity. The milk production can influence household food consumption in two ways: (i) by enhancing the availability of milk for selfconsumption and (ii) by increasing cash income which helps in purchase of additional food commodities from the market. No significant difference has been observed across social groups, farm-size categories and households asset values. The women are reported to devote more attention to consumption of a nutritious diet (Dewan et al., 2011) . However, we have not found any effect of gender on dietary diversity.
Determinants of Calorie and Protein Intake: Role of Dietary Diversity
We further examined whether dietary diversity had an impact on nutritional intake. The results on the effect of household dietary diversity on calorie and protein intake are presented in Table 10 . Our results show that dietary diversity is positively and significantly associated with the level of calorie and protein intake 
Determinants of Calorie and Protein Deficiency
The determinants of calorie and protein deficiency are presented in Tables 11 and 12 , respectively. A perusal of these tables shows that household dietary diversity plays an important role in reducing calorie and protein deficiencies. The effect of dietary diversity is more apparent on incidence of protein deficiency than calorie deficiency. One unit increase in dietary diversity would reduce the deficiencies in intake of Further, the households producing milk have lesser probability of being deficient in protein intake. Again being vegetarians do not put the households in a disadvantageous position in terms of calorie and protein intake among sample agricultural households in eastern India.
Conclusions and Policy Implications
This study has contributed to better understanding of the relationships between agricultural production diversity and dietary diversity. The regression results based on the panel data of 480 households from three states, viz. Bihar, Jharkhand and Odisha in eastern India for 5 years, have shown that agricultural production diversity is a major determinant of dietary diversity. The dietary diversity in turn has a strong effect on calorie and protein intake. From a policy perspective, the findings suggest that efforts to promote agricultural diversification will be helpful to enhance food and nutrition security in the country. Agricultural programmes and policies oriented towards reducing under-nutrition should promote diversity in agricultural production rather than emphasizing on increasing production through focusing on selected staple crops, as is usually observed in several states of India. The huge fertilizer subsidies and government procurement programme, limited the production to a few crops, provide little incentives for farmers to diversity their production portfolio. Often the linkages between agriculture and nutrition seem too difficult to be pursued. This study would help in shaping the agenda of agricultural development conducive for enhancing nutrition among the farming households. Though our results have clearly shown an association between agricultural production portfolios with diet quality, indepth research is needed to explicitly identify the precise nutritional benefits (e.g. in terms of stunting, wasting, obesity, BMI etc.) of household level composition of agricultural activities.
